It is presented the results obtained of a multivariate statistical analysis concerning the chemical and phase composition, as a characterization purpose, carried out with 52 rock phyllite samples selected from the provinces of Almería and Granada (SE Spain). Chemical analysis was performed by X-ray fluorescence (XRF). Crystalline phase analysis was performed by X-ray powder diffraction (XRD) and the mineralogical composition was then deduced. Quantification of weight loss (100˚ and 1000˚C) was carried out by thermal analysis. The aims of this investigation were to analyze and compare the chemical and mineralogical composition of all these samples and to find similarities and differences between them to allow a classification. Several correlations between results of the characterization techniques have been also investigated. All the data have been processed using the multivariate statistical analysis method. The XRF macroelements (10) and microelements (39) data generate one macrogroup with two new subgroups (1 and 2), and an isolated sample. In subgroup 1 of macroelements, a positive correlation was found between XRF results and geographic location characterized by lower MgO content, which is associated to its geological origins. When multivariate statistical analysis is applied to results obtained by XRD, two groups appear: the first one with a sample with zero percentage of iron oxide and the second one with the rest of the samples, which is classified in two groups. A correlation is observed between the alkaline content (XRF) and illite (XRD), CaO and MgO with dolomite and indirectly between the weight loss after heating at 1000˚C and the contents of phase minerals that lose structural water (illite + chlorite) or carbon dioxide (dolomite). The present investigation has interest and implications for geochemistry and analytical chemistry concerning earth rocks and silicate raw materials.
Introduction
Phyllites are foliated and metamorphized rocks with a low degree of schistosity. They can occasionally contain calcite, besides quartz, moscovite, talc, albite and chlorite, among other minerals. They have a silky sheen and feel greasy to the touch in a similar way to talc. They flake easily and have relatively little cohesion. Moreover, their colours vary from grey, greenish-grey, bluish-grey, violet or even brown or reddish [1] [2] [3] .
In the Southeast of Spain, they can be found in abundance, linked with the Alpujárride complex and the basis of the Maláguide complex: Sierra Nevada and Sierra de Baza in Granada, the Cuevas de Almanzora area and Sierra Alhamilla in Almería, Cerro de la Peluca in Málaga and in the Murcia region [3] [4] [5] . They have also been found in large areas of the Andes, like Venezuela and México [6] , and in other parts of the world, such as: Créete [7] , China [8] ó Brasil [9] .
Phyllites have been used traditionally in very specific areas of the Southeast of Spain, for such purposes as cover and waterproofing in roofs, ponds, for some parts of heterogeneous cross section dams, (Beninar dam) and for urban waste landfills (el Gorguel tip in Cartagena) due to its compacting properties and its scarce permeability to water [10] [11] [12] [13] . On flat roofs, several compressed layers of phyllites of different sizes are placed on a cane matting basis supported by a framework of wooden beams. In other regions of the Southeast of Spain, where snowfall is frequent, they have gable or hip roofs. In these instances, they use clay tiles to cover the phyllite layer and even slate leaves [14, 15] .
At present, there are several applicable alternatives for waterproofing roofs, and impermeabilizing ponds and tips. Some of them are based on the use of high density polythene (HDPE) and polyvinyl (PVC). These materials eventually deteriorate despite their long durability and have to be replaced. Besides, being oil derivates, their relative cost has increased significantly in the last few years [6] .
Another highly developed alternative is based on the use of materials of natural origin, such as bentonite. These can be classified as highly expandable (with Na), little expandable (with Ca) and intermediate. However, the most commonly used waterproof material is sodium bentonite [16] . Besides those mentioned above, other mixtures have been developed which combine polythene, polypropylene or geotextile layers with a layer of sodium bentonite, which acts as the waterproofing agent.
Another possibility exists, based on the use of natural materials which are plentiful in a particular area, such as phyllites. But this alternative is hardly developed, since it is currently applied as a cover for surfaces that require waterproofing, and is subsequently compacted manually [17] . After some time, it is necessary to carry out maintenance every year, replacing part of the materials that have been washed away by the rain. In terms of the above statements, it is necessary to classify phyllite deposits by their chemical and mineralogical characteristics using an adequate method. The purpose of the present investigation is to analyze and compare the chemical and mineralogical composition of a set of rock phyllite samples to find similarities and differences between them to allow a classification. The data have been processed using the multivariate statistical analysis method. Several correlations between results of the characterization methods have been also investigated. The significance of this contribution is addressed to geochemistry and analytical chemistry of earth rocks and silicate raw materials.
Materials and Methods

Materials, Techniques and Operating Conditions
In this study, a total of 52 phyllite samples from Almería and Granada (provinces South Spain) have been analyzed. In Figure 1 the spatial location of each one of them is shown. For the analysis of the chemical composition of the samples under study, a Siemens SRS-3000 X ray Fluorescence sequential spectrometer (XRF) was employed and an Rh tube as X-ray source. Pressed pellets were made with the original samples by pressing them at 400 Mpa, after placing them on a cylindrical metal matrix. The bulk mineralogical composition of the samples was determined by an analysis performed using X-ray powder diffraction (XRD). The samples were ground in an agate mortar and disoriented mounting for XRD was prepared. The X-ray diffractometer Siemens, D-501 model, was used. The instrument was operated at 36 kV and 26 mA using Ni-filtered CuKα radiation and graphite monochromator. The semiquantitative mineralogical compositions after crystalline phase analysis were calculated using the methods proposed by [18, 19] , applied by [20] [21] [22] and more recently by [23] with successful results considering clay minerals and accessories such as those identified by XRD in the 52 phyllite samples.
This method is adequate for mineral content higher than 5% in weight. When the mineral phase is identified but it is not possible to use X-ray peaks of relative intensity 100 to perform the calculations, the content is assumed to be "<2%" in weight. Source of errors which influence the shape of XRD diagrams and X-ray diagnostic peaks, such as background, orientation of phyllosilicates and grinding of the samples, were avoided [24, 25] .
The weight loss quantification was carried out using thermal treatments at temperatures of 110˚C and 1000˚C, using a sample amount of 1 g, after heating it in an oven for one hour. To calculate total weight loss the mean of three measurings was taken.
Statistical Analysis
In order to isolate and estimate the statistic validity of those groups that showed a similar chemical profile, the chemical composition data obtained by XRF (of both macroelements and microelements) and by XRD were analyzed using MVSA exploratory techniques: cluster analysis, main-component analysis and discriminant canonical analysis, which includes the Mahalanobis [26] distance calculation using the programme statgraphic-plus.
The XRF and XRD concentrations became logarithmic values to compensate the differences in magnitude between majority and minority values when calculating similarity coefficients [6, 27] . In the statistical analyses the concentrations of microelements Lu and Tm were not taken into account because it was impossible to determine them in any of the samples. Discriminant canonical analyses were also carried out between the data of XRF, XRD and weight loss. In the latter, the data have not been transformed.
Results and Discussion
XRF and Multivariate Statistical Analysis
The results of the chemical analyses obtained by means of XRF in the 52 samples were transformed into logarithmic values and subjected to an exploratory statistical analysis using a Cluster analysis and an analysis of the main components. The purpose of this was to carry out an initial approximation to the general features presented by the set of data, and to determine the variables that showed a higher discriminating power to separate groups of phyllites with a similar chemical profile. These previous numerical analyses indicated that there were 49 variables: 10 macroelements and 39 microelements.
The macroelements were the following: (Figure 2) . A Cluster analysis was carried out starting from the 10 macroelements mentioned, using the nearest-neighbour method and a Euclidean distance matrix gave a dendogram in which most samples cluster within a group (51) with different similarity levels, whilst sample 26 appears without a group, due to the fact that MnO y P 2 O 5 concentrations are null (Figure 3 and Table 1 The first subgroup is geographically located in areas which are very close to one another (between Castro de Filabres and Gérgal) and its main characteristic is lower concentrations of MgO (Figure 4 ). To estimate the statistical validity of the groups obtained with the Cluster analysis and of the main components a final discriminant canonical analysis was carried out with which the Mahalanobis distance of each sample was calculated with regard to the centroid of each grouping. The results of this analysis confirmed the groupings that had been established. In all cases, the samples presented a 100% likelihood of belonging to the group in question. As to the Mahalanobis distance, group 1 proved to be very homogeneous, as its scores were between 0.545 and -0.275 with regard to its centroid. And Group 2 (26) is situated at -6.9 with regard to the centroid of group 1 ( Figure 5 and Table 2 ).
As to the microelements, an analysis of the components reflects that the first 6 represent 82.91% of the total variation of the data ( Figure 6 and Table 3 ). The first component accounted for 53.35% of the variation, variables Cl, Cs, Cu, S y Sb correlated negatively and the rest positively. The second component represents 15.52% of variability, and they were variables As. Cl, Er, Eu, F, Gd, Hf, La, Mo, Nb, Pb, Sm, Sn, Tb, Th, Tl, V, W, Y, Yb, Zn and Zr that correlated negatively. For the third component with 4.58% of the variation, They were variables Ba, Cl, Co, Cr, Cs, Cu, Ga, Hf, La, Mo, Pb, Rb, Sc, Sm, Sr, Ta, Tb, V, W, Zn that correlated negatively. As to the fourth component, it represents 3,53% of the variation, variables Ba, Cl, Dy, Er, Eu, F, Gd, Hf, La, Mo, Nb, Ni, Sm, Ta, Tb, Th, Y, Zn, Zr correlated negatively. And finally, the other two main components represent 3.31% and 2.6% of the total variation (Figure 6 ).
The Cluster analysis carried out (Figure 7 and Table 4 ) using the Nearest-Neighbor method and a Euclidean distance matrix, provided a dendogram in which most of the samples clustered within group 1, except sample 23 which remained ungrouped, as it registered the lowest values among the following microelements: Eu, Gd, Nb, Th, Zn y Ba, Dy, Er, Ga, Hf, Sm, Th, V, Y, Yb, Zr (these microelements are always followed by 49). Likewise, within group 1 two subgroups appeared. One where all the samples appeared and the other one with ungrouped sample 24, which had the highest values of Ta, next to the lowest value of U. And within subgroup 1 once more two blocks appeared: Finally, a discriminant canonical analysis was carried out in which the Mahalanobis distance for each sample was calculated too with regard to the centroid of each grouping in order to verify the groups established with the Cluster analysis. The results of this analysis confirmed the groupings established. In all cases, the samples showed a 100% likelihood of belonging to the group in question. As to the Mahalanobis distance, group 1 was very heterogeneous with regard to its centroid. And group 2 (23) is located at -2.51 with respect to the centroid of group 1 (Figure 8 and Table 5 ).
XRD and Statistical Analysis
A semi-quantitative analysis was carried out by X ray diffraction of the phyllite samples, yielding the following global results: 30% -85% of quartz, 5% -25% mica (illite), 2% -23% chlorite, 3% -18% feldspar, not detected-15% iron oxide (hematites y goethite) and dolomite (not detected-32%). Smaller proportions of the following have also been identified: calcite (not detected-8%) and an interstratified phase [28] , although it is difficult to estimate the exact proportion. All these results are presented in Table 6 . 1  10  16  16  6  15  37  <2  <2  27  15  ND  10  15  3  52  5  <2  2  11  30  5  6  5  43  <2  <2  28  15  5  11  7  6  56  ND  <2  3  13  32  3  4  6  42  ND  <2  29  12  7  10  5  7  59  <2  <82  4  16  31  4  4  5  40  ND  <2  30  13  10  12  3  5  57  <2  N9D  5  14  26  4  3  6  47  <2  <2  31  20  10  15  10  8  37  <2  <2  6  15  30  5  4  5  41  ND  <2  32  15  15  10  5  5  45  5  ND  7  15  5  10  5  5  55  <2  <2  33  7  10  5  5  3  70  <2  <2  8  16  10  9  5  10  50  <2  ND  34  15  20  8  5  5  47  <2  <2  9 <2  20  16  11  12  7  6  48  <2  <2  46  5  ND  5  5  2  83  <2  <2  21  20  5  18  15  7  35  ND  <2  47  18  ND  6  12  2  62  <2  <2  22  18  6  15  15  8  38  ND  <2  48  23  2  8  6  2  57  2  ND  23  8  20  7  5  10  45  <2  <2  49  22  ND  8  20  ND  50  ND  <2  24  28  8  17  11  6  30  <2  <2  50  23  ND  5  23  2  47  ND  <2  25  12  5  10  5  5  63  ND  <2  51  25  ND  11  12  3  49  ND  ND  26  10  5  10  10  7  58  ND  <2  52  25  ND  10  8  2 The components analysis applied to the results of X-ray diffraction showed that three components account for 72.94% of the total data variation (Figure 9) . With regard to the first component, which accounted for 31.62% of the variation, variables chlorite, illite, feldspar, dolomite and iron oxides correlated positively, while the quartz variables and the interstratified illite-smectite did so negatively. In the second component, with 22.9% of the variation, the variables were calcite, feldspar, dolomite, iron oxides and the interstratified illite-smectite that correlated positively, while the variables quartz and illite correlated negatively. For the third component with 18.42% of the variation, the variable iron oxide was the only one to correlate negatively, the rest did so positively.
A Cluster analysis carried out from the minerals mentioned using the nearest-neighbor method and a Euclidean distance matrix provided a dendogram in which most of the samples cluster within a group 1 (51samples), with different similarity levels, while sample 49 appears ungrouped, as no iron oxide is present in it (Figure 10 and Table 7 ). Within the first group, two subgroups appear. Likewise, within subgroup 2 further groupings can be seen. In order to estimate the statistical validity of the groups established by the cluster analysis, a discriminant canonical analysis was carried out in which the Mahalanobis distance was calculated for each sample in respect of the centroid of each group (Figure 11 and Table  8 ). The results of these analyses confirmed that the groups established presented a 100% likelihood of belonging to the group in question. As to the Mahalanobis distance, group 1 proved to be very heterogeneous, with scores between -1.94 (52) and 1.56 (23) with regard to the centroid. And group 2 (49) scoring -3.35 with regard to the centroid of group 1.
Correlations XRF, XRD and Weight Loss
When the MgO content is correlated with chlorite one can see that the latter does not exist, as p > 0.05. However, correlations are indeed appreciated between the alkaline concentrations (K 2 O+Na 2 O) and illite, which separated samples 41, 43, 44, 46, 50, 40, 45, 6, with negative values and higher than 1, on the other hand, samples 38 and 49 appear separated from the rest with a value higher than 1.5 ( Figure 12 and Table 9 ). Equally, a correlation exists between the CaO + MgO content and dolomite, clearly separating sample 6 with a positive value (3.35), conversely, we have samples 51, 45, 47, 50, 52, 44, 49, 46, 48 and 43 with values lower than -1 (Figure 13 and Table 10 ). Lastly, the correlation was studied between weight loss at 110˚C y 1000˚C and minerals that lose water and carbon dioxide (illite + chlorite + dolomite), observing that a correlation existed, clearly separating sample 6 (1.97) and samples 43, 45, 47 with values higher than -2.5 ( Figure 14 and Table 11 ).
Conclusions
From the present study, we can conclude that XRF of 52 phyllite samples (Almería and Granada, SE Spain) for chemical analysis of macro-elements (10), and after multivariate statistical analysis of the results, generates 2 groups: one in which the majority of samples are included, with two new subgroups, and a second group where we have only a sample (sample 26). By the same methodology, when microelements (39) are analyzed, a main group and an isolated sample appears (sample 23). Within the main group an isolated sample appears again (sample 24) and the rest of samples in another subgroup, where new blocks appear. One of them (block 2) contains an isolated sample (sample 49). Figure 14 . Canonical correlations between weight losses at 110˚C and 1000˚C, and Illite + Clorite + Dolomite (XRD) content. When we apply the multivariate statistical analysis to the mineralogical results deduced by XRD, two groups appear: one with sample 49, which shows zero percentage of iron oxide, and the rest of the samples. The latter is classified in two subgroups: one with samples 7 and 23 and the other one with the rest of samples.
Hence, it is demonstrated that the methodology is adequate to compare the chemical and mineralogical composition of all these 52 samples and to find similarities and differences between them to allow a classification.
A correlation has also been observed between geographic location and XRF (macro-elements) separating subgroup 1 (as described in Section 4), showing lower proportion of MgO, which could be associated to its geological origin. In the same way, the microelements are more closely related to the mineralogical composition, while samples 49 and 23 appear separated from the rest in both analyses (XRF and XRD).
Several correlations can be deduced from XRF and XRD results, mainly between the alkaline content (Na 2 O + K 2 O) and illite, CaO and MgO with dolomite, and indirectly between the weight loss after heating at 1000˚C and the contents of phase minerals that lose structural water of silicates (illite + chlorite) or carbon dioxide (dolomite). The present investigation has interest and implications for geochemistry and analytical chemistry concerning earth rocks and silicate raw materials.
